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Preparation of 5-Hydroxymethylfurfural from Glucose’
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Abstract Biomass derived 5-hydroxymethylfurfural( HMF) has emerged as an important and versatile platform
compound containing furan hydroxymethyl and aldehyde groups to realize the goal for production of several high
value added products such as levulinic acid 2 S-dimethylfuran 2 S-furan dicarboxylic acid 2 S-uran
dimethanol ~y-valerolalactone S5-aminolevulinic acid which could be served as biofuels fuel additives bulk
polymer monomers chemicals and pharmaceuticals. Moreover glucose is a bulk six-carbon monosaccharide
from cellulose by hydrolyzation and the preparation of HMF from glucose is one of the most effective and
promising routes to maximize the utilization of sustainable biomass resources. In this review focus is primarily
put on the recent advances of systematically characterization on catalysts of HMF production from glucose for its

activity stability and application prospect. Then the various solvent systems used in HMF production in recent

22017 10 12 $2017 11 15 $2018 2 12
* ( No. 21506177 21676223) . ( No. 2015489) . ( No.
20720160077 20720160087 20720170062) . (No.2016J01077 2015J05034)

( No. JZ160398)
The work was supported by the National Natural Science Foundation of China( No.21506177 21676223) the Fujian Provincial Development and
Reform Commission China( No. 2015489) the Fundamental Research Funds for the Central Universities( No. 20720160077 20720160087
20720170062) the Natural Science Foundation of Fujian Province of China( No. 2016J01077 2015J05034) and the Education Department of
Fujian Province( No. JZ160398) .

*% Corresponding author e-mail: xianhai. zeng@ xmu. edu. cn( Xianhai Zeng) ; lulin@ xmu. edu. en( Lu Lin)

http: //www. progchem. ac. cn Progress in Chemistry 2018 30(2/3): 314 ~324



5- ]

years such as single-phase solvents biphasic solvents ionic liquids and deep eutectic solvents are reviewed

and discussed. Finally the future research directions such as an innovative catalyst deep eutectic sol-vents are
proposed which might be helpful for researchers.
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Table 1 Preparation of HMF from glucose by homogeneous catalysts
Entry Catalyst Solvent Temperature( “C) Time( min) HMF yield( %) ref
1 HCI H,0/NaCl/GVL 140 60 62. 45 26
2 AlCl; + HCL H,0/NaCl 170 40 62 27
3 AICl; *6H,0 + B( OH) 4 H,0/NaCl/THF 170 40 52 30
4 CrCl; *6H,0 BMIM Cl 120 30 90 28
5 CrCly BMIM CI-GDE-H,0 108 60 64.5 31
6 KH, PO, MIBK/H, 0 160 120 52.3 29
7 Hf( OTY) , H, O/sec-butyl phenol 160 25 60 32
2.2 2.2.1
HMF
. o 710, .
5 Ti0,.Sn0,ALO,  Nb,0.
HMF °
Lewis Brgnsted Nasirudeen H S0,>” /7x0,
BMIM Cl 180 C
R 2 h 65% HMF,
HMF . CrCl,  S0,>” /Zx0,
( metal organic frameworks HMF
2 -
MOFs) . . S0, 17x0, .
( 2. 3 S0,*7/M,0,
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2 HMF
Table 2 Preparation of HMF from glucose by heterogeneous catalysts
Entry Catalyst Solvent Temperature( “C) Time( h) HMF vyield( %) ref
1 80,27 /710, BMIM Cl 180 2 65 34
2 S0,2° 1710, DMSO 130 4 19.2 35
3 S0,2" /210, AL 0, DMSO 130 4 47.6 35
4 710, +$0,%~ /Ti0,Si0, H,0/DMSO 140 12 85 37
5 yALO, H,0/MIBK 175 0.25 52 38
6 LaOCL/Nb, O; HCW 180 3 49 40
7 Nb, 05 y-AL O, DMSO 150 4 59 39
8 Nb, W, Water 120 2 18.8 41
9 Nby , WO, + HCI THF/H, 0 120 3 58 42
10 MIL-401( Cr) SO;H H,0/GVL 150 3.5 44.9 43
11 PO, /NU H, O/2-propanol 140 7 64 44
12 PCP( Cr) S0, H+Cx( TI) H,0/NaCl/TH 180 4 80.7 45
13 PTA-PCP( Cr) S0, H+Cr( 1) H,0/NaCl/TH 180 4 45.3 45
14 SPFR GVL/H,0 190 0.5 33 46
15 B-Cyclodextrin-SO; H DMSO 180 5 47 47
16 Zr-MCM41 H,0/MIBK 175 4 23 48
17 Al-MCM41 H, 0/MIBK 195 4 36 49
18 Sn-MCM-41 BMIM Br 110 4 70 50
19 H-ZSM-5 H, O/NaCl/MIBK 195 0.5 42 51
20 NKCH + Al, 04 BMIM CI 140 0.33 62.09 52
21 Cr’* D001 -c BMIM Cl 110 0.5 61.3 53
22 Amberlystd5/Cr** H,0/TEAB 120 1 70 54
23 AlF;450 DMSO 140 10 57.3 55
24 ZrP-Cr BMIM CI 120 12 43.2 56
25 Sn-Mont DMSO/THF 160 3 53.3 57
26 BSO;HMIM  OTF DMSO/ BSO;HMIM  OTF 140 0.83 59.8 58
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Table 3 Preparation of HMF from glucose in single-phase solvents
Entry Catalyst Solvent Temperature( “C) Time( h) HMF yield( %) ref
1 Nb, W, Water 120 2 18. 8 41
2 AICI, + HCI H,0/NaCl 170 0.67 62 27
3 LaOC1/Nb, O HCW 180 3 49 40
4 80,2 1710, DMSO 130 4 19.2 35
5 80,77 /7x0,-Al, 0, DMSO 130 4 47.6 35
6 Nb, 05 -y-Al, O, DMSO 150 4 59 39
7 B-Cyclodextrin-S0; H DMSO 180 5 47 47
8 AIF;450 DMSO 140 10 57.3 55
9 MILHO1( Cr) SO, H GVL 150 2 26.2 43
10 Sn-Mont DMSO /THF 160 3 53.3 57
11 710, + 80,2~ /Ti0, Si0, H,0/DMSO 140 12 85 37
12 MIL401( Cr) SO;H H,0/GVL 150 2 39.75 43
13 MILA01( Cr) S0,H H,0/GVL 150 3.5 44.9 43
14 SPFR H,0/GVL 190 0.5 33 46
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70 . 4
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4 HMF
Table 4 Preparation of HMF from glucose in biphasic reaction systems
Entry Catalyst Solvent Temperature( °C) Time( min) HMF yield( %) ref
] KH, PO, H,0/MIBK 160 120 52.3 29
2 Hf( OTY) , H, 0/ sec-butyl phenol 160 25 60 32
3 yAL O, H,0/MIBK 175 15 52 38
4 Nb, ,-WO; + HCI H,O0/THF 120 180 58 42
5 PO, /NU H, O/2-propanol 140 420 64 44
6 Zr-MCM+41 H, 0/MIBK 175 240 23 48
7 Al-MCM41 H, 0/MIBK 195 240 36 49
8 Amberlystd5/Cr** H,0/TEAB 120 60 70 54
9 HCI H,0/NaCl/GVL 140 60 62. 45 26
10 AICL, *6H,0 + B( OH) , H,0/NaCl/THF 170 40 52 30
1 PCP( Cr) 80, H+Cr( 1) H,0/NaCl/THF 180 240 80.7 45
12 PTA-PCP( Cr) SO;H-Cr( III) H, 0/NaCl/THF 180 240 45.3 45
13 H-ZSM-5 H,0/NaCl/MIBK 195 30 0 51
14 CrCly BMIM CI/GDE/H,0 108 60 64.5 31
3.3 HMF . 2017
ILs ( <100 C) Sarwono > CrCl,/ BMIM ClI
N N N HMF 500 W
N N 10 min HMF 42%
HMF
73~75 5 .
HMF . 2007
Zhao Science /
HMF HMF . Xu %
70% o Sn-MCM+41 BMIM Br
HMF 110 C 4 h HMF
22000 Li 7 Gl 70% .
BMIM Cl o Guo
400 W 1 min HMF 91% - BSO,HMIM  OTF
DMSO HMF
100 °C 60 min HMF 17% - 140 C 50 min
HMF HMF 59.8% .
. 2014 D’Anna " . .
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Table 5 Preparation of HMF from glucose in ILs

Entry Catalyst Solvent Temperature( “C) Time( min) HMF yield( %) ref
1 CrCl; *6H,0 BMIM Cl 120 30 90 28
2 80,2 /710, BMIM Cl 180 120 65 34
3 Sn-MCM-41 BMIM Br 110 240 70 50
4 NKC9 + Al, O, BMIM Cl 140 20 62.09 52
5 Cr’* D001 <c BMIM CI 110 30 61.3 53
6 Zr-P-Cr BMIM Cl 120 720 43.2 56
7 BSO;HMIM  OTF DMSO/ BSO;HMIM  OTF 140 50 59.8 58
150 C 30 min HMF
HMF 0 N N 60.3% . DES/MeCN
3.4 HMF ChCl
DES ( N ) o ChCl MeCN
( ) HMF
. DES o
DES Liu %  AICL/ChCl- /MIBK
N AlCl, /ChCl-H,0/MIBK
m, HMF 150 C 15 min
DES 0 70%  HMF
6 DES ChCl
HMF 0 Cr- ChCl
Matsumiya ChCl o
( choline dihydrogen citrate ChDC) ChCl HMF
( glycolic acid GA) DES ChCl  HMF
B( OH) , 150 °C HMF o
4 h HMF 60% DES
( choline chloride ChCl) . HMF
HMF 0
DES DES- HMF o Yang 5
ChCl DES Si0, ChCl- /
o Zuo 5 MIBK 100 °C 24 h HMF
( DES) - ( MeCN) 38%
HMF ChCl HMF
DES MeCN CrCl4 ° DES
6 DES HMF
Table 6 Preparation of HMF from glucose in DESs
Entry  Catalyst Solvent Temperature( °C) Time( h) HMF yield( %) ref
1 B( OH) , ChDC-GA/H,0 150 4 60 81
2 CrCl, ChCl-Glucose 110 0.5 45 84
3 AlICIL; ChCl-Glucose/H, O /MIBK 150 0.25 70 83
4 CrCly ChCl-Glucose /MeCN 150 0.5 60.3 82
5 AlCl; @ Si0, ChCl-Glucose /MIBK 100 24 38 85
6 CrCl; @ Si0, ChCl-Glucose / MIBK 100 24 38 85
°322- Progress in Chemistry 2018 30(2/3): 314 ~324
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